
O 

Umted States Patent [191 [111 4,399,399 
Joseph [451 Aug. 16, 1983 

[S4] PRECISION CURRENT SOURCE [57] ABSTRACT _ 
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[22] Filed: Dec. 21, 1981 ting the current sourced from the two transistors. At 

least one output transistor having its base and emitter 
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’ ’ ’ ’ ’ inverting and non-inverting inputs connected with re 
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3,914,683 lO/ 1975 van de Plassche ............... .. 323/316 maintains the colleetors of the two transistors at equal 
3,962,592 6/1976 Thomme" et al~ -- 323/315 potential levels even though the magnitude of the 
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not vary substantially. 
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PRECISION CURRENT SOURCE 

BACKGROUND 

1. Field of the Invention 
This invention ‘relates to circuits for providing a 

source of current and, more particularly, to a low-volt 
age precision current source for providing a current at 
the output thereof that is substantially independent to 
variations in the operating potential applied thereto. 

2. Descriptionof the Prior Art 
The prior art is replete with different types of current 

source circuits for providing an output current that is a 
function of some parameter of the circuit. For instance, 
a basic current source that is well known in the art is the 
simple current mirror circuit comprising a diode-con 
nected transistor having its emitter and base coupled in 
parallel with the emitter and base of a second transistor. 
The commonly connected emitters of each transistor 
are connected to a source of operating potential with 
the collector of the diode-connected transistor being 
coupled to a source of input current. The input current 
is mirrored through the second transistor wherein the 
current ?owing in the collector thereof is equal in mag 
nitude to the value of the input current. Moreover, as is 
understood, the value of the collector current ?owing 
in the second transistor can be made any ratio of the 
input current by area ratioing the emitter areas of the 
two transistors. The disadvantage of this circuit is that 
errors are inherent therein which prevents the absolute 
matching of the output current to the input current. The 
most signi?cant cause of this error is the base current 
error associated with the two transistors, especially if 
these devices are PNP transistors. Additionally, this 
circuit is subject to errors induced by power supply 
ripple variations due to ?nite output impedance. 
Other prior art current sources reduce the errors 

associated with the PNP base current ?ow but suffer in 
that higher compliance voltages are required. Compli 
ance ‘voltage is de?nedas the voltage drop required to 
be developed across the current source in order to pro 
vide a current at the output thereof. Thus, for example, 
a prior art circuit which is a modi?cation of the above 
described circuit, and which provides good current 
matching between the input and output currents, is 
generally known in the art as the “Wilson” type current 
source. Although reducing base current errors, the 
aforementiond circuit requires a minimum compliance 
voltage equal to a Vbe drop plus the voltage drop across 
the collector-to-emitter of a transistor operated in a 
saturated condition, where Vbe is the voltage drop 
across the base-to-emitter of the transistor. Thus, there 
are some applications, for example, where low operat 
ing potentials are required in conjunction with a re 
quirement for maximum desired load voltages. This 
application would not allow such a current source to be 
utilized since the compliance voltage drop would pre 
vent operation of the load circuit coupled thereto. 

Thus, there is a need for a low-voltage precision 
current source suitable to be fabricated in monolithic 
integrated circuit form that provides an output current 
the magnitude of which is determined by a known and 
constant parameter of the current source and which is 
independent to ripple variations in the supplied power 
supply voltage. ' 

Additionally, the need arises for such a current 
source which has reduced beta‘ current error to there 
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2 
fore provide a good match between the input and out 
put currents. 

Additionally, the precision current source would 
require a minimum compliance voltage of only one 
Vce(sat). 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present invention 

to provide an improved current source. 
It is another object of the present invention to pro 

vide an improved current source suitable to be manufac 
tured in integrated circuit form. 

Still another object of the present invention is to 
provide a current source having a low compliance volt 
age and good matching between the input current and 
the output current. 
A further object of the present invention is to provide 

a current source the value of the output current pro 
vided therefrom being determined by substantially one 
parameter of the current source which is independent to 
power supply voltage ripple variations. ' 

In accordance with the above and other objects there 
is provided a precision current source circuit compris 
ing a two-transistor Avbe/ R current drive vnetwork 
wherein the ratio of current densities ?owing there 
through is controllable to a predetermined value by 
means of a feedback circuit having respective inputs 
coupled to each transistor respectively. A pair of cur 
rent sourcing transistors, coupled in parallel con?gura 
tion with respect to each other and having an output 
electrode connected to a respective one of the'two 
transistors, provide the current ?ow through the cur» 
rent drive network. The output of the feedback circuit 
is connected to the commonly connected control elec 
trodes of the pair of current sourcing transistors 
wherein the voltage levels appearing at the respective 
output electrodes of the pair of transistors are made 
equal and substantially independent to power supply 
voltage ripple variations. The power supply voltage is 
applied to the pair of transistors at respective main 
electrodes thereof. At least one output transistor is in 
cluded having a main electrode and control electrode 
coupled to the main electrodes and control electrodes 
of the pair of transistors respectively. The other main or 
output electrode of the output transistor is connected to 
an output of the current source for producing a current 
thereat having a magnitude whichis a function of the 
ratio of the current densities ?owing through the pair of 
transistors and which is, therefore, independent to 
power supply ripple variations. 

It is one feature of the invention that the compliance 
voltage, the voltage potential drop between the applied 
power supply voltage and‘ the output of the current 
source, is minimal; being equal to the voltage drop be 
tween the two main electrodes of the output transistor. 
Thus, the current source provides a precision current 
having a value which is determined by one parameter of 
the circuit which is substantially independent of varia~ 
tions in the operating potential supplied thereto while 
needing a minimal compliance voltage such that the 
current source is capable of working even with low 
supply voltages applied thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial schematic and block diagram illus 
trating-the precision current source of the present in 
vention; and 
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FIG. 2 is a schematic diagramillustrating the current 
source of the present invention in complete detail. 

DETAILED DESCRIPTION OF THE 
- PREFERRED EMBODIMENT 

Turning to FIG. 1 there is illustrated low-voltage 
precision current source 10 of the prese'nt‘invention in 
simpli?ed form, it is understood that the current source 
10 is suited to be manufactured ,in integrated circuit 
form and could form a portion of a more complex inte 
grated circuit. As illustrated, an operating input poten 
tial Vcc is supplied to current source 10 at power supply 
conductor 11. A pair of current sourcing PNP transis 
tors 12 and 14 source currents I1 and 12 from the collec 
tors thereof respectively to a AVbe/ R type current drive 
source circuit 16. The emitter electrodes of ‘transistors 
12_ and 14 are coupled to conductor 11 and the base 
electrodes to‘ node 17. ) 
AVbe/ R current mirror drive source 16 is well known 

in the art and comprises diode connected NPN transis 
tor 18 and NPN transistor 20. The collector of transistor 
18 is directly connected with the'base thereof to the 
collector of transistor 12 and the base of transistor 20. 
The emitters of transistors 18 and 20 arereturned di 
rectly and through resistor 22 respectively to conductor 
24 which is supplied a ground reference potential. The 
collector of transistor 20 is coupled‘ to the collector of 
transistor 14. As understood, a voltage V58, equal to the 
base-emitter voltage drop of a transistor, is developed , 
across transistor 18 in response to the‘ current‘Il that is , 
sourced through this transistor’s collector-emitter path. 
As illustrated, the emittor area of transistor 20 i's'N times 
the emitter area of transistor 18 with these two transis 
tors being operated at different current densities such 
that a voltage is produced across resistor 22 which is. 
proportional to the difference in the two transistors 

' base-two emitter voltages. Thus, a AVbe voltage is de 
veloped across resistor 22. . . 

.As discussed above, transistors 12 and 14 may have 
ratioed emitter areas whereby collector currents flow 
ing therethrough may be unequal. For explanation pur 
poses, however, it may be assumed that current I1 and 
‘I2 are made equal in value such that thev voltage devel 

' oped across resistor 22 is equal to: 

(1) 

If I1 is equal to 12, the voltage across resistor 22 would 
be constant for a given ambient temperature such that 
the current ?owing through resistor 22 is also made 
constant. ‘ ' ' 

An object of the present invention vis to provide a 
current I0, at the output 26 of current source 10 which 
‘is known and which is not dependent on the value of the 
applied input voltage V“. If, then, the current 10 is 

‘ made proportional only to the value ‘of the current 
?owing through resistor 22, ripple variations in the 
supply voltage VCC will not cause variations in the mag 
nitude of the current I0. The current through resistor 22 
can be made substantially constant by making‘the volt 
age potentials appearing at the respective collectors of 
transistors 12 and 14 equal and independent ‘to the value 
of Vcc.v , g . ‘ , . 

Feedback circuitry comprising operational ampli?er 
28 is provided to force equal voltage potentials at the 
collectors of transistors 12 and 14. Additionally, feed 
back circuit 28 causes the voltage level appearing at 
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node 30 to be level shifted down to a low value: equal 
to a Vbe voltage drop above ground reference. As 
shown, operational ampli?er 28 has an inverting input 
coupled to the base and collector of transistor 18 and a 
noninverting input coupled to the collector of transis 
tors 14 and 20. The output of the operational ampli?er 
28 coupled to node 17. Ideally, no currents ?ow into the 
inputs of the operational ampli?er and the voltage dif 
ferential therebetween is zero. Because the voltage drop 
across the base-emitter of transistor 18 is equal to Vbe, 
the inverting input of operational ampli?er 28 will be at 
this level which forces the potential at node 30 to be at 
an equal potential value. Thus, even though the value of 
the voltage V“ may vary within a predetermined range, 
the voltage potentials at the collectors of transistors 12 
and 14 remain constant and equal to the value Vbe. 

, Hence, the current through resistor 22 remains con 
stant. 

I An output PNP transistor 32 is provided with its base 
and emitter electrodes connected between the base and 
emitter electrodes respectively of transistors 12 and 14. 
The collector of transistor 32 is coupled to output termi 
nal 26 to source the current I0 to load 34. By matching 
transistor 32 to transistors 12 and 14, ‘the current I0 is 
made to be equal to the collector currents I1 and I2. 
Becausethese collector currents are equal to the current 
flowing through resistor 22, output current I0 is also a 
function thereof. As the current through resistor 22 is 
independent to variations in the voltage V“, the current 
I0 is made to be independent to variations therein also. 

It is understood that any number of current sourcing 
transistors such as transistor 32 could be connected in 
the same manner as shown for this transistor, whereby 
multiple output currents could be provided. Moreover, 
as understood, transistor 32 may have its emitter area 
ratioed with respect to the emitter area of transistor 12 
and 14. Thus, I0 could be any value with respect to the 
current ?owing through resistor 22 and remain indepen 
dent to power supply voltage ripple variations. 
The base currents from transistors 12, 14 and 32 flow 

between the output of operational ampli?er 28 and 
ground reference and do not appear in the collectors of 
transistors 18 and 20. Hence, good matching can be 
obtained between output current I0 and the input cur 

. rents I1 and I2. This is another feature of the present 
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invention.‘ , 7 

Turning to FIG. 2 there is shown current source 10 in 
complete detail. A current start up circuit 50 is illus 
trated which insures that the circuit becomes functional 
as input voltage is supplied. Start up circuit 50‘ includes 

_ ?eld effect transistor (FET) 52 with its drain and source 
coupled in series with ‘the collector—emitter path of 
transistor 54 which .is connected as a diode. The gate 
electrode of_.FET 52 is coupled in common with the 
emitter of transmitter 54 to ground reference. Thus, as 
the voltage V“ is applied to the circuit, current flows 
through FET 52 and transistor 54. Transistor‘54 and 
transistor 56 are connected as a current mirror circuit 
whereby current ?owing in the former causes current 
to ?ow through the collector-emitter path of the ‘latter 
and, thus, through resistor 58 to ground reference. A 
current is thereby caused to.be sourced from the base of 
transistor 60, through transistor 56, to cause this transis 
tor to turn on which in turn forward biases transistor 12, 
14 and 32 to insure that they become conductive. Start 
up circuit ,50 continues to function as aforedescribed 
until the collector current from transistor 60 becomes 
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suf?cient to produce a voltage across resistor 58 which 
reverse biases transistor 56 thereby turning it off. As 
transistor 56 is turned off start circuit 50 is rendered 
nonoperative. , ' 

Operational ampli?er 28 is shown as including differ 
entially connected transistors 36 and 38 having their 
respective emitters coupled to the collector of transistor 
40. Transistor 40 has its emitter return to ground refer 
ence and its base connected in common with the bases 
of transistors 18 and 20. AVbe circuit 16 includes transis 
tor 42 for reducing current errors therein as known. 
The collector of transistor 36 is connected to node 17 
and serves as the output of operational ampli?er 28. 

In operation, as start up circuit 50 renders transistors 
12 and 14 conductive, a small current flows from the 
collector of transistor 12 through transistor 18. This 
current through transistor 18 causes a current to flow 
through the collector-emitter path of transistor 20 due 
to the current mirror action of these two devices. How 
ever, transistor 20 wants to conduct a current of value 
NIl but since insufficient collector current drive is 
available thereto, this transistor is driven into a satu 
rated condition at initial turn to drive the voltage level 
at node 44 low thereby keeping transistor 38 rendered 
nonconductive. 

Current source transistor 40, which is coupled to 
transistor 20, also tries to source a current 11 there 
through. This causes base current to be pulled from 
transistors 12, 14 and 32 through the collector-emitter 
path of transistor 36. A regeneration effect occurs 
which increases the collector currents of transistors 12, 
14, 20, 22 and 40 as additional base current is sourced 
through transistor 36. This regeneration action contin 
ues until such time as the collector current I2, which 
flows through transistor 20 is equal to value of nIl. Any 
additional increases in collector currents is prevented as 
the voltage drop across resistor 22 will reverse bias 
transistor 20. Hence, at quiescence, the currents I1 and 
12 are matched and the voltages appearing at nodes 30 
and 44 are made equal and independent to variations in 
the supply voltage V“. Transistor 32 is thus rendered 
conductive to supply the current I0 as previously dis 
cussed. 

I claim: 
1. A low voltage precision current source for supply 

ing a current of predetermined value at an output the 
magnitude of which is substantially independent to rip 
ple variations of a source of operating potential supplied 
thereto, comprising: 

?rst and second transistors each having ?rst, second 
and control electrodes, said ?rst electrodes of said 
?rst and second transistors being adapted to re 
ceive the operating potential; 

at least one output transistor having ?rst, second and 
control electrodes, said ?rst electrode being cou 
pled to said ?rst electrodes of said ?rst and second 
transistors, said second electrode being coupled to 
the output of the current source, said control elec 
trode being coupled at a circuit node to said con 
trol electrodes of said ?rst and second transistors; 

feedback circuit means coupled between said second 
electrodes of said ?rst and second transistors and 
said circuit node for maintaining said second elec 
trodes of said ?rst and second transistors at sub 
stantially equal voltage potentials independent to 
ripple variations in the operating potential; and 

current mirror means coupled to said second elec 
trodes of said ?rst and second transistors for estab 
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6 
lishing a difference potential which is substantially 
independent of the voltage potentials appearing at 
said second electrodes of said ?rst and second tran 
sistors, said current mirror means including resis 
tive means across which said difference potential is 
established and through which a current is pro 
duced that is independent to variations in the oper 
ating potential, the current supplied at the output 
of the current source being proportional to said 
current established through said resistive means. 

2. The current source of claim 1 wherein said feed 
back circuit means includes an operational ampli?er 
having an inverting and a non-inverting input and an 
output, said inverting input being coupled to said sec 
ond electrode of said ?rst transistor, said non-inverting 
input being coupled to said second electrode of said 
second transistor, said output being coupled to said 
commonly connected control electrodes of saidv ?rst 
and second transistors. 

3. The current source of claim 2 wherein said current 
mirror means includes: 

a third transistor having ?rst, second and control I 
electrodes, said ?rst electrode being coupled to a 
power supply conductor, said second and control 
electrode being coupled to said second electrode of 
said ?rst transistor; ~ 

a fourth transistor having ?rst, second and control 
electrodes, said second electrode being coupled to 
said second electrode of said second transistor, said 
control electrode being coupled to said control 
electrode of said third transistor; and 

said resistive means being connected between said 
?rst electrode of said fourth transistor and said 
power supply conductor. 

4. A monolithic integrated precision current source 
circuit for providing a current at an output thereof the 
magnitude of which is independent to variations in the 
magnitude of an operating potential supplied thereto, 
comprising: 

?rst and second transistors each having ?rst, second 
and control electrodes, said ?rst electrode being 
adapted to receive the operating potential, said 
respective bases being coupled to a circuit node; 

at least one output transistor having ?rst, second and 
control electrodes, said ?rst electrode being 
adapted to receive said operating potential, said 
second electrode being coupled to the output of the 
current source, said base electrode being coupled 
to said circuit node; 

feedback circuit means coupled between said second 
electrodes of said ?rst and second transistors and 
said circuit node for maintaining said second elec 
trodes at substantially equal potentials; and 

a current mirror circuit coupled with said feedback 
circuit means to said second electrodes of said ?rst 
and second transistors for producing a difference 
voltage and a current that is substantially indepen 
dent of the voltage potentials appearing at said 
second electrodes of said ?rst and second transis 
tors, the output current of the current source being 
proportional to said current. 

5. The current source of claim 4 wherein said feed 
back circuit means is an operational ampli?er having a 
non-inverting input coupled to said second electrode of 
said second transistor, and inverting input coupled to 
said second electrode of said ?rst transistor andan out 
put coupled to said circuit node. 

* * * * * 


